bestrahlten Lösung) eine Peakverbreiterung eintritt. Acetaldehyd, Propenoxid, Aceton und Pinakon konnten auf einer Uconsäule getrennt werden.
ausbeute DAINTON The oxidation of cyclohexanol by ceric ion has been studied in the presence of nitric acid (~1 -2.5 M). The rate dependence on alcohol suggests intermediate complex formation. The increase in hydrogen ion and nitrate ion concentrations retards the rate of oxidation. The results have been explained on the basis of Ce(OH) 3 ®, as the reactive species. The value of Kh for the equilibrium Ce 4 ©+H20 Ce(OH) 3 ® + H© has been evaluated as 4.8 at 25 °C in nitric acid medium. A mechanism based on decomposition of Ce (IV)-alcohol complex and rupture of a-carbon hydrogen bond in the rate determining step has been put forward.
Kinetics and mechanistic studies on the oxidation of various organic substrates by ceric salts have been carried out extensively in H2S04, to somewhat lesser extent in HC104 and to the least extent in HN03 media. Ceric ammonium nitrate as an oxidant in dilute nitric acid has an advantage in such investigations, since in this case, the kinetics could be conveniently studied at room temperatures. Investigations in H2S04 or HC104 media require comparatively higher or lower temperatures.
A very little information is available on the state of cerium (IV) in nitric acid. So far only a red hy- 9 have studied oxidation of some alcohols by eerie ammonium nitrate in 0.5 M nitric acid and 70% aqueous acetonitrile and water media and determined formation constants of cerium (IV)-alcohol complexes.
In the present study, the oxidation of cyclohexanol with eerie ammonium nitrate in the presence of low concentrations of nitric acid was studied. The results were used to characterise the active oxidising species of cerium (IV) in the presence of nitric acid.
Experimental and Results
The reacting solutions were brought to the required temperature ( + 0.1 °C), before mixing. At suitable intervals 5 ml of the mixture were withdrawn and quenched in 5 ml of standard ferrous ammonium sulphate solution. The excess of Fe (II) was titrated with a standard solution of eerie sulphate, ferroin being used as an indicator. The reaction was followed under pseudo-first order conditions, with cyclohexanol in large excess. The first order rate constant, ky, was calculated from the slope of the straight line obtained on plotting the logarithm of the titre change against time for mainly first 50% of the reaction. Ionic strength was adjusted by potassium nitrate solutions.
[Ce (IV) The results, obtained on varying the cyclohexanol concentrations are listed in Table 1 . The plot of rate constants against alcohol concentration is a straight line not passing through the origin, showing that intermediate cerium (IV)-alcohol complex is formed and that the order with respect to cyclohexanol is less than unity. The reesults fit an equation:
Similar to that suggested by LITTLER 10 Table 5 . Effect of temperature on the rate of reaction.
The addition of nitrate ion was found to inhibit oxidation to a very small but distinct extent ( Table 3 ). The addition of sulphate ions retards the rate of oxidation considerably (Table 4) . A plot of 1 \kx against [S04 2 ®] gave a straight line.
The variation of rate constants with temperature are listed in Table 5 . The apparent energy of activation, determined by plot of log KT vs L/T was 22.7 ± 1.0 Kcals-mole -1 .
Discussion
The immediate colour change on mixing eerie ammonium nitrate and cyclohexanol solutions shows that a cerium (IV)-alcohol complex is formed. where K]x is the equilibrium constant for the reaction (1). Hence:
Hence:
where K'is a constant which includes the concentration of alcohol, which is kept constant. The inhibiting action of sulphate ions is due to the fact that Ce(IV) forms strong complexes with sulphate ions and Ce(OH) 3 ® is converted into less reactive species [Ce(0H)S04] ®.
The crucial issue regarding the nature of decomposition of cerium(IV)-alcohol complex involving the rupture of a-C -H or 0 -H bond was sought to be resolved by the oxidation of deuterated cyclohexanol by LITTLER and WATERS 12 and LITTLER 10 . On the basis of the low value of &ch/&cd ~ 1-9 for a-C -D alcohol during oxidation by ceric sulphate and ^OH/^OD ~ 1-0 for 0 -D alcohol, it was suggested that the a-C -H fission might be preponderant though a concerted mechanism 13 involving both C -H and 0 -H fissions could not be ruled out.
The slower rate of oxidation of tert. butyl alcohol as compared to that of primary and sec. butyl alcohols by cerium(IV) in low HN03 under similar conditions of experiment 14 suggests that the presence of a-hydrogen atom facilitates oxidation. It may, therefore, be concluded that the rate determining step preponderately involves breaking of a-C -H bond, though some attack at the 0 -H bond cannot be ruled out.
The mechanism of the oxidation of cyclohexanol by cerium (IV) in low nitric acid can therefore be written on the lines of ARDON 11 involving free radical mechanism with formation of cyclohexanone: Ce(OH) 30 is written as an oxidising species, the ligand groups like H20, N03® etc. have not been indicated for the sake of simplicity.
Materials: Cyclohexanol (E. Merck, A.R.) was purified by fractionation. Ceric ammonium nitrate (Bhabha Atomic Research Centre, Bombay, India. Analytical grade) was used as such. All other chemicals used were of analytical grade. Cyclohexanone formed was identified by the formation of its 2,4 dinitro phenyl hydrazone. 
